Introduction
============

Leukemia, a malignant clonal disease of hematopoietic stem cells, is caused by the enhancement of self-renewal, uncontrolled proliferation, dysdifferentiation and the blocked apoptosis of leukemia cells, resulting in cell developmental stagnation at different stages ([@b1-ijmm-46-03-1175]). Although the prognosis of patients with leukemia has improved in the pediatric field, the general 5-year survival rate of patients with leukemia in the disparate age groups remains 40% ([@b2-ijmm-46-03-1175]). To date, the specific mechanisms giving rise to the occurrence and development of leukemia have not yet been fully clarified. The disease may be related to genetic, radiation, chemical substances, viral infection and other factors, which can lead to molecular alterations, such as gene mutation and chromosome rearrangements in the body ([@b3-ijmm-46-03-1175],[@b4-ijmm-46-03-1175]). Accordingly, previous studies have revealed that the condition of leukemia may be associated with the high heterogeneity of cellular and molecular genetics; thus, chromosomal abnormalities and gene mutations are important prognostic indicators for patients with leukemia ([@b5-ijmm-46-03-1175],[@b6-ijmm-46-03-1175]). In recent years, a number of studies have discovered that multiple long-chain non-coding RNAs (lncRNAs) are associated with the occurrence and development of leukemia, which may provide novel markers and targets for the diagnosis and therapy of leukemia ([@b7-ijmm-46-03-1175]-[@b9-ijmm-46-03-1175]).

lncRNAs, which are non-coding RNAs with a length of \>200 nucleotides, are located in the nucleus or cytoplasm and lack an open reading frame and thus have no protein coding function ([@b10-ijmm-46-03-1175]). Compared with microRNAs (miRNAs or miRs), lncRNAs are still a relatively unknown field in clinical practice. In the past, it was considered that lncRNAs only act as a structure without obvious biological function. Recently, lncRNAs have gradually become one of the research hotspots in leukemia, and have been found to play a crucial role in the process of gene transcription and assist in gene regulation via protein-coding genes ([@b11-ijmm-46-03-1175],[@b12-ijmm-46-03-1175]). Although lncRNAs cannot encode proteins, they are involved in gene expression through epigenetics, transcriptional timing and the post-transcriptional regulation of genes, so as to regulate the growth of organisms, the directional differentiation of cells, subcellular structure and distribution, as well as human diseases ([@b13-ijmm-46-03-1175]).

In disease applications, lncRNAs are associated with the occurrence, development and prognosis of various types of tumors, such as colorectal cancer, breast cancer, hepatocellular carcinoma and lung cancer ([@b14-ijmm-46-03-1175]). In addition, lncRNAs are also involved in the proliferation, differentiation and apoptosis of red blood cells, lymphocytes and myelocytes, the abnormal expression of which may lead to the occurrence of a variety of malignant blood diseases, including lymphoma and multiple myeloma ([@b15-ijmm-46-03-1175],[@b16-ijmm-46-03-1175]). As a member of the lncRNA family, small nucleolar RNA host gene 16 (SNHG16) has been shown to exert cancer-promoting effects in several types of tumors, such as cervical cancer ([@b17-ijmm-46-03-1175]) and bladder cancer ([@b18-ijmm-46-03-1175]), whereas its role in leukemia has rarely been reported. Therefore, the present study further explored the expression of SNHG16 in human leukemia cell lines, observed its effects on cell viability, proliferation and apoptosis, and analyzed its possible target genes and regulatory mechanisms. The primary purpose of the present study was to identify possible therapeutic targets for leukemia in order to improve the survival rate of patients.

Materials and methods
=====================

Cell lines and cell culture
---------------------------

Human leukemia cell lines (Kasumi-1, KG-1, MV-4-11, THP-1, K-562, HL-60) and normal blood cell line (RPMI-1788) were all purchased from the American Type Culture Collection (ATCC). These cells were cultivated in Roswell Park Memorial Institute (RPMI)-1640 (Gibco; Thermo Fisher Scientific, Inc.) medium supplemented with 10% fetal bovine serum (FBS, Gibco; Thermo Fisher Scientific, Inc.) in an incubator at 37°C with 5% CO~2~.

Reverse transcription-quantitative polymerase chain reaction (RT-qPCR)
----------------------------------------------------------------------

The relative mRNA expression levels in the cells were determined by RT-qPCR. In brief, total RNA was extracted from the cells using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.). A NanoDrop-2000c spectrophotometer (Thermo Fisher Scientific, Inc.) was used to detect the quality of RNA, and 1% agarose modified gel electrophoresis was applied for the detection of the integrity. Total RNA (1 *µ*g) was subjected to reverse transcription to synthesize cDNA using the PrimeScript RT Master Mix Perfect Real Time (Takara Bio, Inc.) in line with the manufacturer\'s instructions. qPCR assay was performed using the ABI PRISM 7500 Fast Real-time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.), and the reaction conditions were conducted as follows: 10 min at 95°C, followed by 40 cycles for 15 sec at 95°C, 1 min at 60°C. The sequences of the primers are presented in [Table I](#tI-ijmm-46-03-1175){ref-type="table"} and were synthesized by GenePharma. The relative mRNA expression levels were normalized to GAPDH or U6, and the data were assessed using the comparative 2^−ΔΔCq^ method ([@b19-ijmm-46-03-1175]).

Cell grouping and transfection
------------------------------

The Kasumi-1 and THP-1 cells were used in the subsequent experiments (as shown below in the Results, these 2 cell lines exhibited the highest expression of SNHG16). First, these 2 cell lines were severally divided into 3 groups: The control, the silencing (si)-control and si-SNHG16. The cells were then distributed into 5 groups: Control, inhibitor control, miR-193a-5p inhibitor (inhibitor), inhibitor + si-SNHG16 and si-SNHG16, mimic control, miR-193a-5p mimic. Similarly, the Kasumi-1 and THP-1 cells were eventually divided into 5 groups: The control, negative control (NC), siCDK8, siCDK8 + inhibitor and inhibitor. The cells in each group were transfected with 2 *µ*g si-SNHG16, inhibitor and control, respectively accordingly using Lipofectamine™ 2000 transfection reagent (Invitrogen; Thermo Fisher Scientific, Inc.) following manufacturer\'s instructions. Cells in the control group were maintained in medium as blank controls. Following 48 h of transfection, the transfected cells were used in the subsequent experiments. The sequences of relevant RNAs were designed and synthesized by GenePharma according to the requirements of the present study ([Table II](#tII-ijmm-46-03-1175){ref-type="table"}).

Cell viability assay
--------------------

The viability of the cells was evaluated by the Cell Counting kit-8 (CCK-8; Beyotime Institute of Biotechnology, Inc.). In brief, the cells in each group were seeded onto 96-well plates at a density of 2×10^3^ cells/well. Following transfection for 24, 48 and 72 h, 10 *µ*l of CCK-8 regent were instilled into the cells for a further 2 h at 37°C with 5% CO~2~. The optical density (OD) value of the plates was read using a microplate reader (ELX800, BioTek Instruments, Inc.) at a wavelength of 450 nm.

Colony formation assay
----------------------

The cell proliferative ability was detected by colony formation assay. For the assay, transfected cells were shifted to 6-well plates (1×10^3^ cells/well) supplemented with RPMI-1640 medium containing 10% FBS at 37°C. After 14 days, the cells were fixed with formaldehyde and stained with 0.1% crystal violet solution (Sigma-Aldrich; Merck KGaA) for 15 min at 25°C. The number of cloned cells was observed and counted using an Olympus CKX41 microscope (Olympus Corp.).

Cell apoptosis
--------------

Flow cytometry was used to confirm the apoptotic rate of the cells. Following 48 h of transfection, the transfected cells were harvested and stained with 10 *µ*l Annexin V and 5 *µ*l propidium iodide (BD Biosciences) for 15 min. A BD FACSCalibur™ Flow Cytometer (BD Biosciences) was utilized for quantitative analysis on the basis of the manufacturer\'s instructions.

Dual-luciferase reporter assays
-------------------------------

The predicted results from TargetScan 7.2 (<http://www.targetscan.org/>) revealed that miR-193a-5p could bind to SNHG16, the target gene of which was CDK8. Dual-luciferase reporter assays were applied to verify this prediction. The 3′UTR of the SNHG16 sequence containing the binding sites of miR-193a-5p was as follows: 5′-TCG AGA GCT GTC CCT GTG AA GAC CCC GAG CT-3′; and the 3′UTR of CDK8 was as follows: 5′-TCG AGC CTA TTT CTT AGA AGA CCC AGA GCT-3′. Furthermore, the 3′-UTR sequence was inserted into the pmirGLO Vector (Promega Corp.) with *Xho*I and *Sac*l double digestion to construct the recombinant dual-luciferase reporter vector, pmirGLO. The plasmid containing the mutant SNHG16-3′UTR and CDK8-3′UTR were then generated by mutating the core sequence of the miR-193a-5p binding sites through DNA synthesis (Sangon Biotech Co., Ltd.); the sequence of mutant SNHG16-3′UTR was as follows: 5′-TCG AGA CCG TTC ATT ATG AAG ACC CCG AGCT-3′; and the sequence of mutant CDK8-3′UTR was as follows: 5′-TCG AGC CTA TTT CTT AGT TGA AGT AGA GCT-3. For the assays, the wild-type and mutant pmirGLO plasmids were co-transfected with mimic control or miR-193a-5p mimic into the cells using Lipofectamine™ 2000. Following transfection for 48 h, the relative luciferase activities were analyzed using the dual Glo™ Luciferase Assay System (Promega Corp.) following the manufacturer\'s instructions. Finally, the cell luciferase activity was detected using a SpectraMax reader (Molecular Devices).

Western blot analysis
---------------------

The expression levels of related proteins in the cells were detected by western blot analysis. For the detection, RIPA buffer (Beijing Solarbio Science & Technology Co., Ltd.) was used to separate the total proteins from the cells, and the concentrations of separated proteins were determined using the Bicinchoninic Protein Assay kit (BCA, Pierce; Thermo Fisher Scientific, Inc.). A total of 50 *µ*g of the total proteins were isolated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE, Beyotime Institute of Biotechnology, Inc.) and then transferred to polyvinylidene fluoride (PVDF) membranes. Subsequently, the membranes were blocked with 5% non-fat dried milk for 2 h. The primary antibodies, CDK8 (1:1,000, ab229192, Abcam), GAPDH (1:1,000, ab8245, Abcam), were then incubated with the membranes overnight at 4°C. The corresponding secondary antibodies, goat anti-rabbit IgG H&L (HRP; 1:7,000, ab97051, Abcam) and goat anti-mouse IgG H&L (HRP; 1:1,000, ab150113, Abcam), were then added for 1 h at room temperature. The blots signals were developed by an enhanced chemiluminescence-detecting kit (Thermo Fisher Scientific, Inc.), and the results were normalized to GAPDH. Labworks 4.6 (UVP) was used to analyze the optical density value of the bands.

Statistical analysis
--------------------

The Statistical Package of the Social Sciences 20.0 software (SPSS, Inc.) was used for data analysis. The measurement data are presented as the means ± standard deviation (SD). Comparisons between ≥3 groups were analyzed using one-way analysis of variance (ANOVA) with Tukey\'s post hoc test. All experiments were carried out in triplicate. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

Downregulation of SNHG16 suppresses the viability and proliferation of leukemia cells, and promotes cell apoptosis
------------------------------------------------------------------------------------------------------------------

The results of RT-qPCR revealed that the expression of SNHG16 markedly increased in the leukemia cell lines in comparison with the RPMI-1788 cell line (P\<0.001; [Fig. 1A](#f1-ijmm-46-03-1175){ref-type="fig"}). Comparatively, SNHG16 was more highly expressed in the Kasumi-1 and THP-1 cells; thus, these 2 cell lines were selected for use in subsequent experiments. Following transfection, the SNHG16 expression levels in the Kasumi-1 and THP-1 cells were significantly decreased in the si-SNHG16 group (P\<0.001; [Fig. 1B and C](#f1-ijmm-46-03-1175){ref-type="fig"}). Moreover, compared to the control group, the viability of the Kasumi-1 and THP-1 cells was evidently decreased following transfection with si-SNHG16 (P\<0.05; [Fig. 1D and E](#f1-ijmm-46-03-1175){ref-type="fig"}). According to the colony formation assays, the colony numbers of the Kasumi-1 and THP-1 cells in the si-SNHG16 group were significantly decreased (P\<0.001; [Fig. 2A and B](#f2-ijmm-46-03-1175){ref-type="fig"}). Accordingly, the outcomes of flow cytometry revealed that the apoptotic rates of the Kasumi-1 and THP-1 cells in the si-SNHG16 group were significantly increased (P\<0.001; [Fig. 2C and D](#f2-ijmm-46-03-1175){ref-type="fig"}).

miR-193a-5p can bind to SNHG16
------------------------------

TargetScan 7.2 predicted that miR-193a-5p could bind to SNHG16 ([Fig. 3A](#f3-ijmm-46-03-1175){ref-type="fig"}). For verification, dual-luciferase reporter assays demonstrated that the luciferase activities were markedly suppressed in the leukemia cell lines that were co-transfected with miR-193a-5p and wild-type SNHG16 (P\<0.001; [Fig. 3B and C](#f3-ijmm-46-03-1175){ref-type="fig"}). CCK-8 assay revealed that the viability of the Kasumi-1 and THP-1 cells in the miR-193a-5p inhibitor group was significantly increased at 48 and 72 h following transfection; these effects were reversed in the inhibitor + si-SNHG16 group (P\<0.05; [Fig. 3D and E](#f3-ijmm-46-03-1175){ref-type="fig"}). In the colony formation assays, the colony numbers of the Kasumi-1 and THP-1 cells in the inhibitor group were markedly increased, which were relatively lower in the inhibitor + si-SNHG16 group (P\<0.05; [Fig. 4A-C](#f4-ijmm-46-03-1175){ref-type="fig"}). In the flow cytometric analysis, compared with the inhibitor group, the apoptotic rates of the Kasumi-1 and THP-1 cells in the inhibitor + si-SNHG16 group were significantly elevated, and the apoptotic rates of the Kasumi-1 and THP-1 cells were promoted in the group in which SNHG16 was silenced (P\<0.05; [Fig. 4D-F](#f4-ijmm-46-03-1175){ref-type="fig"}). Furthermore, miR-193a-5p expression in the Kasumi-1 and THP-1 cells was visibly inhibited in the inhibitor group; the expression was promoted in the si-SNHG16 group (P\<0.001; [Fig. 5](#f5-ijmm-46-03-1175){ref-type="fig"}).

CDK8 is the target gene of miR-193a-5p
--------------------------------------

Through TargetScan 7.2, it was found that the position 457-464 of the CDK8 3′UTR was paired with miR-193a-5p ([Fig. 6A](#f6-ijmm-46-03-1175){ref-type="fig"}). Dual-luciferase reporter assays reflected that the luciferase activities of the Kasumi-1 and THP-1 cells were markedly decreased following co-transfection with miR-193a-5p and CDK8 (P\<0.001; [Fig. 6B and C](#f6-ijmm-46-03-1175){ref-type="fig"}). At 48 and 72 h following transfection, the viability of the Kasumi-1 and THP-1 cells in the siCDK8 group was evidently downregulated, and that in the siCDK8 + inhibitor group was lower compared with that in the inhibitor group (P\<0.05; [Fig. 6D and E](#f6-ijmm-46-03-1175){ref-type="fig"}). Analogously, it could be viewed from the colony formation assays that the colony numbers of Kasumi-1 and THP-1 cells were visibly decreased in the siCDK8 + inhibitor group in contrast to the inhibitor group (P\<0.001; [Fig. 7A-C](#f7-ijmm-46-03-1175){ref-type="fig"}). Correspondingly, compared with the inhibitor group, the apoptotic rates of the Kasumi-1 and THP-1 cells in the siCDK8 + inhibitor group were evidently higher (P\<0.05; [Fig. 7D-F](#f7-ijmm-46-03-1175){ref-type="fig"}). In addition, the results of RT-qPCR and western blot analysis revealed that the relative mRNA and protein expression levels of CDK8 were markedly increased in the inhibitor group; these effects were reversed in the siCDK8 + inhibitor group (P\<0.05; [Fig. 8](#f8-ijmm-46-03-1175){ref-type="fig"}).

Discussion
==========

The human genome is mainly composed of DNA sequences, only 2% of which can encode proteins, and the remaining 98% can be transcribed into RNA without protein-coding function, including lncRNAs and short non-coding RNAs ([@b20-ijmm-46-03-1175]). Previous studies have confirmed that lncRNAs play a pivotal role in certain biological processes of cancer cells, such as cell proliferation, development and metastasis ([@b21-ijmm-46-03-1175]). As one of the lncRNAs, SNHG16 was originally found in neuroblastoma at the early stage, and its increased level was associated with an unfavorable prognosis of such patients ([@b22-ijmm-46-03-1175]). With the deepening of SNHG16 research, an increasing number of studies have indicated that SNHG16 is closely related to the outcomes of several malignant diseases. For instance, Christensen *et al* ([@b23-ijmm-46-03-1175]) found that SNHG16 was abnormally highly expressed in colorectal cancer, the interference of which suppressed cell activity, induced apoptosis and inhibited cell migration. Cai *et al* ([@b24-ijmm-46-03-1175]) pointed out that the expression level of SNHG16 was also upregulated in breast cancer, and it induced the migration of cancer cells by competitively binding miR-98/E2F5. Nevertheless, the exploration of the role of SNHG16 in hematological malignancies is limited. Herein, it was found that SNHG16 expression was increased in leukemia cell lines, the silencing of which suppressed the viability of leukemia cells, suppressed cell proliferation and promoted cell apoptosis. These findings suggest that SNHG16 functions as a tumor promoter in leukemia, and its downregulation may control the deterioration of the disease.

In the regulatory mechanisms of lncRNAs, it is considered that lncRNAs can intensify or promote cancer progression by competing with mRNAs to sponge common miRNAs ([@b25-ijmm-46-03-1175]). miRNAs, a class of non-coding RNAs approximately 22 nucleotides in length, can match and bind to the 3′UTRs of target molecule mRNAs, thereby disrupting the translation or stability of the target genes. Moreover, it has been demonstrated that miRNAs play an important role in the normal hematopoietic process, which can be expressed in specific types of hematopoietic cells, and act as a regulator in the early hematopoietic cell proliferation, differentiation and development ([@b26-ijmm-46-03-1175]). Thus, the abnormal expression of miRNAs can lead to the occurrence of malignant blood diseases through the regulation of certain oncogenes or tumor suppressor genes. In the study by Lu *et al* ([@b27-ijmm-46-03-1175]), through bioinformatics and luciferase reporter assays, it was demonstrated that SNHG16 functioned as an oncogene in glioma by sponging miR-4518. In the present study, bioinformatics we used to predict that SNHG16 contained a binding site of miR-193a-5p, which was verified by dual-luciferase reporter gene analysis.

Furthermore, with the decrease in SNHG16, the expression level of miR-193a-5p presented an increasing trend. As for the biological effects of miR-193a-5p on leukemia cells, the present study disclosed that the downregulation of miR-193a-5p enhanced the viability of leukemia cells, promoted cell proliferation and reduced cell apoptosis. Therefore, it was suggested that the deletion of miR-193a-5p exerted a pro-tumor effect in leukemia. Of note, the silencing of SNHG16 had the function of reversing the pro-leukemic effects of the downregulation of miR-193a-5p. Similarly, a previous study revealed that the expression level of miR-193a-5p in gastric cancer was observably reduced, and its ectopic expression suppressed the growth of gastric cancer cells, suggesting that the knockdown of miR-193a-5p functioned as an oncogene in gastric cancer ([@b28-ijmm-46-03-1175]). Zhang *et al* ([@b29-ijmm-46-03-1175]) also found that miR-193a-5p was singularly downregulated in colorectal cancer, which was associated with lymph node metastasis and a poor prognosis of patients with the disease. In contrast to these studies, Wang and Wang ([@b30-ijmm-46-03-1175]) considered that miR-193a-5p was specifically upregulated in hepatocellular carcinoma tissues and cell lines, which could be used as an oncogene to promote the proliferation of cancer cells and inhibit cell apoptosis. Based on the above-mentioned findings, it was hypothesized that miR-193a-5p played disparate roles in different diseases, including roles as a tumor promoter and suppressor, which may be due to the different target genes of miR-193a-5p in distinct diseases.

Among known targets, studies have found that phos-phoinositide-3-kinase, regulatory subunit 3 (PIK3R3) and mammalian target of rapamycin (mTOR) can directly bind to miR-193a-5p, and play a pivotal role in non-small cell carcinoma ([@b31-ijmm-46-03-1175]). In the field of leukemia, Witalisz-Siepracka *et al* ([@b32-ijmm-46-03-1175]) considered that miR-193a could regulate the occurrence of leukemia through Wilms tumor-1 (WT1). In the present study, the biological prediction website predicted that the 3′UTR of CDK8 could bind to miR-193a-5p, and the union of the mutant CDK8 with miR-193a-5p had no effect on luciferase activity, which further verified that CDK8 was the target gene of miR-193a-5p. CDK8, a cell cycle regulator protein, functions as a transcriptional inhibitor or co-activator, which is associated with tumor staging and progression ([@b33-ijmm-46-03-1175]). Witalisz-Siepracka *et al* ([@b32-ijmm-46-03-1175]) indicated that the loss of CDK8 enhanced the cytotoxicity of natural killer (NK) cells, and exerted anti-proliferative and pro-apoptotic effects on leukemia cells. In contrast to the effects of miR-193a-5p inhibitor, the viability and proliferation of leukemia cells were markedly suppressed with the knockdown of CDK8, while the cell apoptotic rates were increased, suggesting that CDK8 knockdown inhibited the progression of leukemia. Accordingly, the experimental results from the present disclosed that the inhibition of miR-193a-5p promoted the expression of CDK8 in leukemia cells, which suggested that miR-193a-5p regulated leukemia cells through CDK8.

In conclusion, the present study demonstrated that SNHG16 was abnormally highly expressed in acute myeloblastic leukemia cell lines. The knockdown of SNHG16 suppressed the viability of leukemia cells, suppressed cell proliferation and promoted cell apoptosis by regulating miR-193a-5p/CDK8, which may be a potential target for the treatment of leukemia in the future.
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![Downregulation of SNHG16 suppresses the viability of leukemia cell lines. (A) RT-qPCR was used to measure the expression of SNHG16 in human leukemia cell lines (Kasumi-1, KG-1, MV-4-11, THP-1, K-562 and HL-60) and normal blood cell line (RPMI-1788). The expression of SNHG16 in (B) Kasumi-1 and (C) THP-1 cells were also determined by RT-qPCR following transfection with the blank Control, silencing (si)-control or si-SNHG16. Cell Counting kit-8 (CCK-8) assay was used to examine cell viablity with the optical density (OD) value of (D) Kasumi-1 and (E) THP-1 cells at 24, 48 and 72 h following transfection. ^\*^P\<0.05, ^\*\*^P\<0.001, vs. RPMI-1788, or Control; ns, no significant difference; n=3. SNHG16, small nucleolar RNA host gene 16.](IJMM-46-03-1175-g00){#f1-ijmm-46-03-1175}

![Downregulation of SNHG16 suppresses the proliferation of leukemia cell lines and promotes cell apoptosis. Image and count of (A) Kasumi-1 and (B) THP-1 cells following transfection with the blank Control, silencing (si)-control and si-SNHG16 via colony formation assay under a microscope. Flow cytometry was used to analyze the apoptotic rates of (C) Kasumi-1 and (D) THP-1 cells following transfection. ^\*\*^P\<0.001, vs. RPMI-1788, or Control; ns, no significant difference; n=3. SNHG16, small nucleolar RNA host gene 16.](IJMM-46-03-1175-g01){#f2-ijmm-46-03-1175}

![miR-193a-5p binds to SNHG16. (A) TargetScan 7.2 predicted that miR-193a-5p could bind to SNHG16. Dual-luciferase reporter demonstrated the luciferase activities of (B) Kasumi-1 and (C) THP-1 cells following co-transfection with Control + SNHG16, miR-193a-5p + mutant SNHG16 (SNHG16-mut), or miR-193a-5p + SNHG16. Cell Counting kit-8 (CCK-8) assay was used to determine cell viability with the optical density (OD) value of (D) Kasumi-1 and (E) THP-1 cells at 24, 48 and 72 h following transfection with the blank Control, inhibitor control, miR-193a-5p inhibitor (inhibitor), inhibitor + silencing (si)-SNHG16, or si-SNHG16. ^\*^P\<0.05, ^\*\*^P\<0.001, vs. Control + SNHG16, or Control; ^\#^P\<0.05, ^\#\#^P\<0.001, vs. inhibitor; ^\^^P\<0.05, ^\^\^^P\<0.001, vs. si-SNHG16; ns, no significant difference. n=3. SNHG16, small nucleolar RNA host gene 16.](IJMM-46-03-1175-g02){#f3-ijmm-46-03-1175}

![Silencing of SNHG16 reverses the effects of miR-193a-5p inhibitor on leukemia cell lines. Colony formation assays revealed the (A) image and (B and C) count of Kasumi-1 and THP-1 cells following transfection with the blank Control, inhibitor control, miR-193a-5p inhibitor (inhibitor), inhibitor + silencing (si)-SNHG16, or si-SNHG16. Flow cytometry was used to analyze the apoptotic rates of (D and E) Kasumi-1 and (D and F) THP-1 cells following transfection. ^\*^P\<0.05, ^\*\*^P\<0.001, vs. Control; ^\#^P\<0.05, ^\#\#^P\<0.001, vs. inhibitor; ^\^^P\<0.05, ^\^\^^P\<0.001, vs. si-SNHG16; ns, no significant difference; n=3. SNHG16, small nucleolar RNA host gene 16.](IJMM-46-03-1175-g03){#f4-ijmm-46-03-1175}

![Silencing of SNHG16 increases the expression of miR-193a-5p in leukemia cell lines. RT-qPCR was used to measure the expression of miR-193a-5p in (A) Kasumi-1 and (B) THP-1 cells following transfection with blank Control, inhibitor control, miR-193a-5p inhibitor (inhibitor), inhibitor + silencing (si)-SNHG16, or si-SNHG16. ^\*\*^P\<0.001, vs. Control; ^\#^P\<0.05, vs. inhibitor; ^\^\^^P\<0.001, vs. si-SNHG16; ns, no significant difference; n=3. SNHG16, small nucleolar RNA host gene 16.](IJMM-46-03-1175-g04){#f5-ijmm-46-03-1175}

![CDK8 is the target gene of miR-193a-5p. (A) TargetScan 7.2 predicted that the position 457-464 of CDK8 3′UTR was paired with miR-193a-5p. Dual-luciferase reporter verified the luciferase activities of (B) Kasumi-1 and (C) THP-1 cells following co-transfection with Control + CDK8, miR-193a-5p + mutant CDK8 (CDK8-mut), or miR-193a-5p + CDK8. Cell Counting kit-8 (CCK-8) assay was used to measure cell viability with the optical density (OD) value of (D) Kasumi-1 and (E) THP-1 cells at 24, 48 and 72 h following transfection with blank Control, negative control (NC), silencing (si)-CDK8, siCDK8 + miR-193a-5p inhibitor (inhibitor), or inhibitor. ^\*^P\<0.05, ^\*\*^P\<0.001, vs. Control + CDK8, or Control; ^\#^P\<0.05, ^\#\#^P\<0.001, vs. siCDK8; ^\^^P\<0.05, ^\^\^^P\<0.001, vs. inhibitor; ns, no significant difference; n=3.](IJMM-46-03-1175-g05){#f6-ijmm-46-03-1175}

![Suppression of miR-193a-5p reverses the effects of CDK8 on leukemia cell lines. Colony formation assays revealed the (A) image and (B and C) count of Kasumi-1 and THP-1 cells following transfection with Control + CDK8, miR-193a-5p + mutant CDK8 (CDK8-mut), or miR-193a-5p + CDK8. (D-F) Flow cytometry was used to analyzed the apoptotic rates of Kasumi-1 and THP-1 cells following transfection. ^\*^P\<0.05, ^\*\*^P\<0.001, vs. Control; ^\#\#^P\<0.001, vs. siCDK8; ^\^^P\<0.05, ^\^\^^P\<0.001, vs. inhibitor; ns, no significant difference; n=3.](IJMM-46-03-1175-g06){#f7-ijmm-46-03-1175}

![Downregulation of miR-193a-5p promotes the expression of CDK8 in leukemia cell lines. RT-qPCR and western blot analysis were used to measure the relative mRNA and protein expression levels of CDK8 in (A-C) Kasumi-1 and (D-F) THP-1 cells following transfection with Control + CDK8, miR-193a-5p + mutant CDK8 (CDK8-mut), or miR-193a-5p + CDK8. ^\*^P\<0.05, ^\*\*^P\<0.001, vs. Control; ^\#^P\<0.05, vs. siCDK8; ^\^\^^P\<0.001, vs. inhibitor; ns, no significant difference; n=3.](IJMM-46-03-1175-g07){#f8-ijmm-46-03-1175}

###### 

Primer base sequences.

  Gene          Forward (5′-3′)         Reverse (5′-3′)
  ------------- ----------------------- ------------------------
  SNHG16        GCAGAATGCCATGGTTTCCC    GGACAGCTGGCAAGAGACTT
  miR-193a-5p   CTTACTTGGGTCTTTGCGGG    TGGTGTCGTGGAGTCG
  CDK8          ATGCACTGTTGCGAATGCTG    AATGCTTGCCCCTAGCACAT
  GAPDH         AGAAGGCTGG GGCTCATTTG   AGGGGCCATC CACAGTCT TC
  U6            CTCGCTTCGGCAGCACA       AACGCTTCACGAATTTGCGT

###### 

Sequences of the RNA oligonucleotides.

  RNA                                      Sequence
  ---------------------------------------- -------------------------------------
  si-SNHG16                                5′-AGCUGUCCUGUGAAGACCCC-3′
  miR-193a-5p mimic                        5′-AGUAGAGCGGGCGUUUCUGGGU-3′
  miR-193a-5p mimic control                5′-UUCUCCGAACGUGUCACGUTT-3′
  miR-193a-5p inhibitor                    5′-ACCCAGAAACGCCCGCUCUACU-3′
  Inhibitor control                        5′-AAACGUGACACGUUCGGAGAA-3′
  siCDK8                                   Sense: 5′-UGGAUUUGUACCAUUCUUCUG-3′;
  Antisense: 5′-GAAGAAUGGUACAAAUCCAAG-3′   
  Negative control                         Sense: 5′-UUCUCCGAACGUGUCACGUTT-3′;
  Antisense: 5′-ACGUGACACGUUCGGAGAATT-3′   
